INTRODUCTION {#sec1}
============

Since the original report of a successful laparoscopic nephrectomy by Clayman et al. in 1991, laparoscopic nephrectomy has become an alternative to traditional open surgery \[[@cit0001]\]. In 1993 Gaur and colleagues reported their first retroperitoneoscopic nephrectomy \[[@cit0002]\]. Laparoscopy is gradually replacing the traditional open approach to remove benign xanthogranulomatous pyelonephritis (XGP) \[[@cit0003]\]. XGP, a rare form of chronic renal infection, is usually associated with nephrolithiasis, obstructive uropathy, or ongoing urinary tract infection. XGP is a severe, chronic renal-parenchymal infection. Because of the renal and perirenal inflammatory changes that commonly accompany XGP, the laparoscopic approach is difficult. The treatment of choice has been open nephrectomy, which is challenging in itself, given the extent of the disease and and the quite common involvement of the renal hilum and the contiguous structures \[[@cit0004]--[@cit0007]\].

Laparoscopic approach has been usually contraindicated and not justified in XGP \[[@cit0007]\]; however, improvements in the skill, instruments, and technique of the laparoscopist have expanded the indications to include XGP in some cases \[[@cit0003], [@cit0008], [@cit0009]\]. Herein, we report our experience with laparoscopic and retroperitoneoscopic nephrectomy for XGP.

To our knowledge, this is the largest series to be reported.

MATERIAL AND METHODS {#sec2}
====================

Between November 2002 and September 2010, 27 pa- tients (22 women and 5 men), with a mean age of 61.1 years (range 43--85), underwent laparoscopic nephrectomy for a unilateral nonfunctioning kidney, because of XGP. Patient\'s data was collected retrospectively. There were 25 patients with nephrolithiasis and recurrent urinary tract infections, while there were two patients with a painful renal mass.

Under general anesthesia, the patient was placed on the operative table in a classic dorsal lithotomy position. The kidney bridge was elevated underneath the last ribs to increase the space between the costal margin and the iliac crest to create a larger retroperitoneal working space. The first incision, 1.5 cm long, was performed under the tip of the 12^th^ rib into the retroperitoneum. Through this incision, the retroperitoneal space was dissected digitally and the peritoneum pushed anteriorly. Creation of the retroperitoneal space was completed by oblong balloon dissection. After insertion of a 10 mm trocar through the incision, a second 10 mm trocar was inserted along the posterior axillary line above the iliac crest. A third and fourth 5 mm trocars were inserted along the anterior axillary line. The camera port was the initial port. The transperitoneal laparoscopic nephrectomy was performed according to the technique described by McDougal and Clayman \[[@cit0010]\]. We mainly used the 10 mm Endo-Ligasure and sometimes the Harmonic Scalpel for the dissection. The renal vessels were initially dissected, then clipped and divided. Our method was to dissect outside the Gerota fascia. The ureter was dissected, clipped, and divided at a determined level. After the kidney was detached from all its adhesions, it was placed in an Endobag and removed through the first or the second port incision. All kidneys were removed intact by extending the incision 5--6 cm.

RESULTS {#sec3}
=======

Laparoscopic nephrectomy was successful in 26 patients. The results and the complications are shown in [Table 1](#t0001){ref-type="table"} and [Table 2](#t0002){ref-type="table"}. A transperitoneal approach was adapted in 15 patients, retroperitoneal in 11 patients, and in one patient the operation was initiated as retroperitoneal and converted to transperitoneal. Conversion to open surgery was needed in one patient. The mean operative time was 193.6 minutes (range 123--240). The mean estimated blood loss was 223.5 ml (range 30--1000). The mean hospital stay was 4.8 days (range 3--12). Eight patients required transfusion of a single or two units of packed red blood cells, seven of them during the operation and the last some days later due to port site hematoma. Serum creatinine was 1.3 mg/dl the day before and the day after the operation ([Table 3](#t0003){ref-type="table"}). No intraoperative or postoperative gastrointestinal complications developed. Three patients presented with major complications, the first with sepsis, the second with pulmonary edema and the third with retroperitoneal abscess which was drained. Three patients presented with minor complications, port site hernia in one patient, port site hematoma in the second patient, and wound infection in the third patient. In 25 patients a drain was left for 2.7 days (range 2--6).

###### 

Results of transperitoneal (TP) and retroperitoneal (RP) laparoscopic nephrectomy for XGP¥

                                                             Range      TP/RP
  -------------------------------------------------- ------- ---------- -------
  Patients (n)                                       27                 
  Men/women (n)                                      5/22    --         
  Mean age (yr)                                      61.1    43--85     
  Retroperitoneal/ transperitoneal (n)               11/15   --         
  Retroperitoneal converted to transperitoneal (n)   1       --         
  Mean operative time (min)                          193.6   123--340   
  Mean blood loss (ml)                               223.5   30--1000   
  Mean hospital stay (days)                          4.8     3--12      
  Conversion to open (%)                             3.7     --         
  Wound infection (%)                                3.7     --         TP
  Port site hematoma (%)                             3.7     --         TP
  Port site incisional hernia (%)                    3.7     --         RP
  Sepsis (%)                                         3.7     --         RP
  Pulmonary edema (%)                                3.7     --         RP
  Retroperitoneal abscess (%)                        3.7     --         TP

XGP^¥^ -- xanthogranulomatous pyelonephritis

###### 

Reported hospital stay (days), blood loss (ml), operative time (min), and conversion rates from laparoscopic to open nephrectomy (%)

  Series                              No.   Hospital stay (days)   BL^\$^ (ml)   OT^\#^ (min)   CR^&^ (%)   Comments
  ----------------------------------- ----- ---------------------- ------------- -------------- ----------- -----------------
  Khaira et al. \[[@cit0003]\]        3     4.7                    1117          279            33.3        XGP^¥^
  Bercowsky et al. \[[@cit0007]\]     5     6                      260           360            20          XGP^¥^
  Hemal et al. \[[@cit0016]\]         185   3                      133           100            9.7         Benign diseases
  Rassweiler et al. \[[@cit0019]\]    9     --                     --            --             89          XGP^¥^, Renal
                                                                                                            Tuberculosis
                                                                                                            Post traumatic
                                                                                                            Renal atrophy
  Vanderbrink et al. \[[@cit0020]\]   6     4.8                    775           301            17          XGP^¥^
  Campanario et al. \[[@cit0021]\]    17    4.4                    --            198            12.5        XGP^¥^
  This study                          27    4.8                    223.5         193.6          3.7         XGP^¥^

BL^\$^ -- blood loss; OT^\#^ -- operative time; CR^&^ -- conversion rate; XGP^¥^ -- xanthogranulomatous pyelonephritis

###### 

Serum creatinine and hemoglobin

  No                 Pre-op^£^   Post-op^£^
  ------------------ ----------- ------------
  27                             
  Hemoglobin g/dl    13          12.5
  Creatinine mg/dl   1.3         1.3

op^£^ -- operation

DISCUSSION {#sec4}
==========

Since the original report of a successful laparoscopic nephrectomy by Clayman et al. in 1991 \[[@cit0001]\], laparoscopic nephrectomy has become a routine procedure at specialized centers, with the advantages of less postoperative pain, minimal scars, rapid recovery, and short convalescence. However, there are some technical concerns regarding laparoscopic nephrectomy and its use during nephrectomy for XGP that have not been widely reported \[[@cit0007], [@cit0008], [@cit0011]\]. Bercowsky et al. demonstrated that the benefits of laparoscopic nephrectomy do not extend to patients with XGP, and that conventional open surgery is quicker with fewer complications and results in a similar use of analgesics, hospital stay and recovery time \[[@cit0007]\]. However, surgical situations that only some years ago would have been regarded as contraindications are now accepted as proper indications for the laparoscopic approach because of the rapid improvement in laparoscopic instruments and surgical skill. Nowadays laparoscopic, live donor nephrectomy, which was initially the subject of much debate, has gradually gained wide acceptance because of its minimally invasive nature and acceptable results \[[@cit0012], [@cit0013], [@cit0014]\].

Gupta et al. reported their first case with tubercular pyelonephritis in which laparoscopic nephrectomy was attempted and subsequently the procedure was converted to open nephrectomy. Their conclusion was that tuberculous pyelonephritic kidney is a relative contraindication for laparoscopic nephrectomy \[[@cit0015]\]. Four years later Hemal and Gupta reported on their 185 cases of retroperitoneoscopic nephrectomy and nephroureterectomy for benign nonfunctioning kidneys with various modified techniques for differing etiologies. They concluded that retroperitoneoscopic nephrectomy and nephroureterectomy can be performed safely and successfully with obvious advantages for benign nonfunctioning kidneys regardless of the etiology or pathogenesis including tubercular pyelonephritis \[[@cit0016]\]. Lee et al. summarized the results of 31 consecutive laparoscopic nephrectomies for renal tuberculosis and compared them with 45 laparoscopic nephrectomies performed for other benign etiologies and concluded that laparoscopic nephrectomy for renal tuberculosis is a safe, effective, and less invasive treatment modality \[[@cit0017]\]. Hsia and Kapoor presented their technique of laparoscopic nephrectomy in a patient with previous urinary diversion. They demonstrated that in certain circumstances patients with urinary diversions could be offered laparoscopic nephrectomy \[[@cit0018]\]. Therefore XGP, previously treated by open surgery, can be today treated laparoscopically. In this study we report on 27 laparoscopic transperitoneal and retroperitoneal nephrectomies. The operation has been initiated and terminated laparoscopically with success in 26 patients. Conversion to open surgery was needed in one case only ([Table 1](#t0001){ref-type="table"}). Rassweiler et al. reported an overall conversion rate of 10.3% due to bleeding, bowel injury, and difficult dissection. However, the conversion rate was 89% (8/9) in special situations including, 4 patients with renal tuberculosis, 2 with XGP, and one patient with posttraumatic renal atrophy ([Table 2](#t0002){ref-type="table"}). They suggested that for patients with severe perinephritis due to renal tuberculosis, XGP, and posttraumatic atrophy an open conversion should be considered \[[@cit0019]\].

We cannot conclude that our patients have minimal fibrosis and therefore it is easier to proceed with the laparoscopic surgery, but we may have a higher threshold for open conversion and laparoscopic instruments such as Endo-Ligasure and Harmonic Scalpel, both widely used nowadays. We believe that high conversion rates which were reported elsewhere should not be a contraindication to the laparoscopic approach.

The mean operative time in our study is 193.6 minutes which is higher than that reported by Hemal et al. (100 minutes) \[[@cit0016]\], but shorter than that reported by Khaira et al. (279 min) and by Vanderbrink et al. (301 minutes) \[[@cit0003], [@cit0020]\]. However, we have noted that our learning curve is steep and the last cases were operated in a much shorter time than the first cases ([Figure 1](#f0001){ref-type="fig"}).

![Results of transperitoneal (TP) and retroperitoneal (RP) laparoscopic nephrectomy for xanthogranulomatous pyelonephritis (XGP)^¥^.](CEJU-72-1891-g001){#f0001}

To minimize the hemorrhage during dissection it is essential to ligate all the renal vessels initially, however, because of the fibrosis and difficult dissection especially in the first patients the mean blood loss was 223.5 ml. Bercowsky et al. reported a mean blood loss of 260 ml, and Vanderbrink et al. 775 ml \[[@cit0007], [@cit0020]\]. The mean blood loss decreased steeply, the first cases made the major influence on our relatively high mean blood loss. We learned to decrease the bleeding from case to case using advanced devices ([Figure 1](#f0001){ref-type="fig"}). Our transfusion rate was 29.6% (8/27) which seems to be high, seven of them during the operation, because of bleeding more than 300 ml, the last patient required transfusion of a single unit of packed red blood cells some days later due to port site hematoma.

The mean hospital stay in our series was 4.8 days, which does not differ widely from other studies ([Table 2](#t0002){ref-type="table"}). Serum creatinine was 1.3 mg/dl the day before and the day after the operation, so there was stable renal function ([Table 3](#t0003){ref-type="table"}). Complications were noted in six patients (22.2%), while three major complications (11.1%) including sepsis, pulmonary edema, and retroperitoneal abscess needed a drainage. Two of the major complications were in patients who were operated in retroperitoneal approach and one in transperitoneal approach ([Table 1](#t0001){ref-type="table"}). Three minor complications including hernia, port site hematoma, and wound infection ([Table 1](#t0001){ref-type="table"}). There were no risk factors in patients who had complications comparing to the other patients in the group.

Campanario-Pérez R. et al. concluded that laparoscopic nephrectomy in XGP is a feasible surgical option although given the nature of XGP, it is associated with complications, which makes it a challenging surgical procedure. They clearly stated that advanced laparoscopic skills and experiences are needed in these cases. The dissemination of the disease is associated with the occurrence of more severe complications and conversion to open procedure \[[@cit0021]\]. Arvind et al. performed 14 (73.2%) successful laparoscopic nephrectomies in patients with XGP. They converted to open surgery in 5 patients because of non-progression of the procedure in 3 patients, and in 2 patients, conversion was performed on an emergency basis because of bleeding from hilar vessels \[[@cit0022]\].

As we mentioned in materials and methods, we dissected outside the Gerota fascia in order to reduce the difficulty of the procedure, a technique which was published recently by Ma et al. using laparoscopic nephrectomy in inflammatory renal diseases \[[@cit0023]\].

CONCLUSIONS {#sec5}
===========

We suggest that laparoscopic nephrectomy should be considered as an initial approach for xanthogranulomatous pyelonephritis (XGP). The indications for laparoscopic nephrectomy should be extended to these patients.
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